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Effect of Green Manure Incorporation and Solarization on Root Rot Disease of
3-year-old Ginseng in Soil of Continuous Cropping Ginseng

Mun Won Seo, Sung Woo Lee’, Seung Ho Lee, In Bok Jang and Hye Ji Heo
Ginseng Research Division, Department of Herbal Crop Research, NIHHS, RDA, Eumseong 27709, Korea.

ABSTRACT

Background: Ginseng root rot disease, caused by Cylindrocarpon destructans and Fusarium solani is a major cause of replant fail-
ure in continuous cropping ginseng.

Methods and Results: To control replant injury in soil infected with C. destructans and F. solani, biosolarization was performed by
covering the plot with transparent polyethylene film after adding green manure of maize and sunflower for the summer season. Per
10 a, fresh and dry weight of maize was 10.1 and 2.5 tons, respectively, and that of sunflower was 8.1 tons and 1.2 tons, respectively.
Mean maximum temperature at 20 cm depth was 33.2°C, 41.5C and 41.8 C in the control, maize-incorporated and sunflower-incor-
porated plots, respectively. The elapsed time over 40 ‘C was 36.4 h in the maize-incorporated plot and 77.3 h in the sunflower-incor-
porated plot. Biosolarization increased NOs content in soil, while content of organic matter, Ca, and Mg was decreased. Electrical
conductivity, NO; and P,Ojs in soil significantly increased after two years of biosolarization. The number of spores of C. destructans
in soil was significantly decreased by biosolarization, and sunflower treatment was more effective than maize treatment in decreas-
ing the number of spores. Root yield of 3-year-old ginseng was significantly increased by biosolarization, however, there was no sig-
nificant difference between maize and sunflower treatments. Rate of root rot in 3-year-old ginseng decreased to 16.5% with the
incorporation maize and 5.0% with the incorporation of sunflower, while that in control 25.6%.

Conclusions: Biosolarization was effective in inhibiting ginseng root rot by decreasing the density of root rot disease and improving
soil chemical properties.

Key Words: Panax ginseng, Biosolarization, Cylindrocarpon destructans, Green Manure Crop, Root Rot Disease.

M A T (Erwinia)®] AT} o5 FolA] Az 2] F910]

He WYHS Fusarium solani, Cylindrocarpon destructans

14 (Panax ginseng C A. Meyer), 2okt 7 Lo] = o, oJAEL FHUEAE TrEo] BEY FHollA] 10d ol A3

T2 olgsl= thaA AEd Agste] AT A5 B &3t 13RS A A9 B Yo7t (Rahman
A Wil 93k maues ko] ol AzlwsE) st Alsith and Punja, 2005; Kang et al., 2007).

(Kang et al., 2007; Park et al., 2011). S14Fe] BRe]#SHS Arte] A= T2 EYHEA Wl ok By

Ao 7= HAdae WeHSHH (Fusarium, Cylindrocarpon), 21 w2l wAsk=d], QiR oA EHlEEe HeEdiE

At (Phytophthora), ZS < (Pythium, Rhizoctonia), < o] & xo] <4k AJ8o] AT (autotoxicity) HHE|H-2

WX SN (Sclerotium) 5°] JoM, AlHFoZe= T2 Helte] WA Aslid Az o]l S7kekAl "rhar
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2. SHIEZ Al

2016 59 <ol 14PdE f714EH] (Samhyupnongsan,
Goesan, Korea)s 10 a & 3,000 kg A|-&38}32 A3 o
SRR S5, sl E aEEiith S e AlEE
S FEL, P lE ool R e AR FES XA
g 30 cm x 45 cm = 2 Y¥ HIsint. A AldT
g 216 nio|Rom, Wy 3 wkEo R wix|Eith 20161
74 slkeol FHHIAEL] AP A B UE ARS 24V

ATt

3. B 4A=xie]

201614 74 sheoll EE AA7] (ZERDE ol8std =
WS Eoko] SH1% TS 0.1 mm F7e] ZElojdd B
HES Ti3ste] 8 € 30 Y7 HYEAES HAEI
O FA2le S5E Aplstel EY] STy vd
el og HYE L5 AN FueH, @ ST +
Bhats, @ sulelr] + Bddas Ags 27 SHRE
S Aulgh oy Bl sl T viES 5] gdE
AES A

218} 10 cm, 20 cm Zolo] X LA Hx|slo] AL =3
S BgD 25717 B2 A8} 20 cn ZeloA 40T o]
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ENEE HYILE 3 20169 109 dkeol 1 = A
Fsto] BAAaL olF3 3 € skeoll BARS A2lsle] Al
Sk o 20189 109 skeoll 394 QS el 2 A2
AFsk] BYE 25 FF9 2 d AHF 2Jo]E H|wEA
SIAY. EYAEE F75ke] B2l & 20 mesh (2 mmA| S
S33E U ol wAsHAl Zo} E48o2 At B
G F pH, EC, f71E, fraclit 9 X3 ofol2<l

K, Ca, Mg2 5&3184 ESSIEEAHol| F31ATH (NIAST,
2000).
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Braeside, Australia)2 X|3HJ 4ol =43
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radicicol (Sigma-Aldrich Co., St. MO, USA) 50
mg/ { S 7713 minimal mineral broth 5 m¢ -2 50 m{ falcon
tubeoll 37, 48 A7 H<F 20T =AM A skt

Louis,

A FS 3 falcon tubeE 1 £, 5,000 rpmezE AR
Zaisict. A5A S AASIL 70T ALY Earel) 2 Al B

Heted 24 A7 B FAARE S

EAAZE EF 0.5 ¢& E% DNA 33 kit (Nucleo-
Spin® Soil, Macherey-Nagel, Diiren, Germany)S ©|-& 3}
DNAES FE3 Uk DNA Al59t e dd 57
& primerE X5 EFYOZ real-time PCR (CFX9%
real-time system, Bio-Rad Laboratories, Hercules, CA, USA)
= Tt 2 43S Mo B A ddete] E
& Ul HYHe] UeE SAA

6. Qlet miufzte

Y 252 5 olFd 20174 3¢ skedll AEE B
ezt 73 108 @EREE 70 T/33 )@ o]
Wo}iit} a7+ AVE*—S— TFAA2] A-139] AAEi7He)
om, 4 T2 A 4 +34 1 S stdes
ARSI a2 e ] fel dEdele 2 T4 &
A ZpEE olFoR s, e Apldels i &
T84S T (RDA, 2014).
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of 2%, 9%, §F T A ASEALES 2AkIeH, 10
o %‘—%01] Alﬁd%% 33 ni WAoo FIel] T,
%—‘_ e}

QlaHrElel ¥ “a“ﬁol Z& s

x 10002 Axksldct. 4 ﬂ’ﬁ = WA Teke &
AL (X0 % 0)+ (X1 x 1)+ (X2 x 2) + (X3 x 3) + (X4 x 4) / (X0
+X1+X2+ X3+ X412, X0; FHA, X1; Huk HE 10%
ols}, X2; Wk WA 50% ol&}, X3; kWA 70% o]t
X4; AR 2 et FARAS BAZEaR SAS
(Version 9.2, SAS Institute Inc., Cary, NC, USAYS ©]&3}
o] 5% 2= Duncan’s Multiple Range Test (DMRT)

2 Az freld A4S S8l (p < 0.05).
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1. SHIAEE UsEd 2 AS Wi

Table 1949} 7ol 6d2 A4 (Panax ginseng C. A.
Meyene 83t EgollA] A 50188 (S5, stz
7o) S5 R DB AN 7 9 Sheol 2R Avke
thet Ak S5 EFW: FASE | O 45 Alas
o2 Aol 279 cmZ A3 10 a F AAF 101 &, AEF
2.5 Eo] AE UL} sfjuletr] ( Z. ﬂg)_ ZAo] 143
emZ H| WA 22 TR 10 a F AT 8.1 E, UE
T 12 Eo] A=Y A 2 A AN ST 8l
v RS B3k, S sivkeieeh AeA e2gt
Fo| Ho] 78 Akl 2 v AE Wkth

YHow mERE ke, S55 W) 5
o wol Az, Ak Aular) Fglok shul, AEANG
o Wolol ¥7|k FFH BFRAN N, Buel B
SOl &3t An. seaise AAT] 8.7 =/10a0l2 7
2olx e el sk welHey hael Esbt gk o
At (Kim ef al., 2013).

2. EIU =0l ofst XI2Aks g1t

Table 20419} 7o) 7 4 3kl EYE FA|7] (ZH)HE
olg3le] HH|FHES Fasle] B Yol FHH|de
HEate] 89 7 HYE A5S A A, SHAE
TR AL deades e 2k Ast 10 em @] HiF FH
IAS BE FAE (S5 EYS +EgEAS FA4E)
= 373C oy &5 + HYE A5XEe 40T, dulet
7] + Bl A5AEE 46.5CE FAjgo) vle) Hu|aE &
JTe] #A20] 9-10T ol =%hom, &4 )7} sjulet
7] METh tha E=:9kout o3l Aol= IS A8t 20
cm o] B HIAE BH FAE 332C oy S5 +
BdE =X 41.5C, dvlEp] + BgE A5 41.8
T2 FAge vl3l] ZH2E + BlgE L5AEe] A20] 8
T ol =it

At o2 B Y] WEXARZE (sublethal heating)y=
38C Wel2 gelA 9Jon (Freeman and Katan, 1988), 40

ool IAG717 o) =FE w APEE=dl (Shlevin et

Table 1. Growth characteristics and biomass of green manure crop, maize and sunflower in the continuous cropping soil of ginseng.

Green manure Plant height Stem diameter Moisture content Fresh weight Dry weight
crop (cm) (mm) (%) (kg/10a) (kg/10a)
Maize 278.8° 20.7¢ 73.6° 10,0837 2,548?
Sunflower 142.6 21.4° 84.4° 8,100 1,242

Date of investigation; July 21, 2016. "Mean with same letters are not significantly different in Duncan’s Multiple Range Test (DMRT, p < 0.05).
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al., 2003; Nam et al, 2011), =0]2He F7H 40C o] 4
FAZES HH X3} 10 cm Zolox S5 + BYgE A5A
= 199 Az, sivlelr] + BlgE AsAEE 192 Ao R
SHIZHEE 2 Zfo|E HolA] gttt et A8k 20 cm 2
oloflAl 40T oY NS B S5 + HYE
= 364 AIZE AR + BSE A5 EE
2 sfukebr] A7t Adsol o a3 ol
ArAz71e] ﬂ%‘*‘éi% SHH gkl x2o] 7HF =i Af
Hol| 2| go] 7 wol 3 F712 dRIskE Hol=d], A
3} 20 cmol|4] 40C o) FHAALTE B STT+ESE
2= E 8 4, AHEP] + HYY AEXEE 2 942 =
H| 2ol w} xjolE Bt
Lee 5 (2016)0] &5 o1xkia) 421
o] #AAE 35C 274 15 AR AFstox AEs)
Ao 40TCoNA 15 A7 Axsta ApEsiiaL 45°C01]A1 5
AIZF ZApehA APHEITHAL Sk on, ARz ZdoA B FE A
o] mE dwislE yEste] wid 2 AlZHY 38T A= 9
o] A== Psto] APEEA] 3kot 40T A= 9
o vl APEERIN 45T XEle 8 o whof] APEEATAL )
ATk B3, H0]AE ESh & HduEele] BYEAES
shH A4 a3 o9 4% 0, &M|et Co, WER
gk Eqke] SHHE) fE, FHlo] od ESAAEY A
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Table 30419} ZFo] =H|dw BRI + Bl 54w
o & EY olsshye] ¥t et Atk Add
(016 10€)°] EF olslod S Wi S5 + BHUYd &%
Aol A FAY BHok NO; o —}:ﬂ 7% (OM),
P,0Os, Ca, Mg %1— <1 H—oLotq pH, %ﬂ
FES AJol7t °*°1E} alutetr] + ek °é i%ﬂﬂ-ﬂ 3
A B NOs, ECE %3 OM, Ca, Mg &2 S
), pH, P,0s, K, Na &3k zjo]7} glict.

ole} o] S, *HH}EM B + HYE a5AER
NO; &2 S7FE03L OM, Ca, Mg g2 aEglom,

YA e & Hels HolA] dth HYE 2502
20] st =HREe] a7t e frE Rk R4S
S AR A gl ST, ol Qe dREEt 5
71 Zlog weolrh,

Stapleton 5 (1985)°] <3l BIYE Amol o3l 24 &
e F3lo] ZUHEAoY T ARES 1Al Hals B
0111 LY 310e™, Um 5 (2019)2 allojg]ux]9} 39

P30 Euslel B &

NO37]' 7kt POs, K, Ca, Mg 52 &
&19th Hyun 5 (2009)0 2laha Zate)

Aoga BAZE dvkaL skt A
°felf AFs=rt S7H Ao Halth

Al FHRE SR Edolsiehy Alols

HgE A5
Hlwsl] B siulebr] 2 Al EC, NOs, P,Os, Ca, Mg &

Q3] Fw pHr} gl
Hst glekar

Art AREE
Aol

Byl

Table 2. Increase of soil temperature by solarization using poly ethylene film mulching for summer season after soil incorporation of green

manure.

Green manure Maximum (C)

Elapsed time over 40C (hour)

Elapsed days over 40C (time)

crop 10cm 20cm 10cm 20cm 10cm 20cm
Maize + C" 37.30%0.21  33.20%0.07 0 0 0 0
Maize + S? 48.00+1.48 41.50+0.30 199.20+30.47 36.40x£17.77 27.50%=1.91 8.00%3.46
Sunflower +S? 46.50=1.54 41.80=1.15 192.10+58.85 77.30x64.08 26.00=3.16 12.00£7.62

Duration of solarization; July 22 - August 30, 2016. "'C; no solarization,

manure.

?S; solarization by PE film mulching after soil incorporation of green

Table 3. Soil chemical properties of two months later after soil incorporation of green manure and solarization using vinyl mulching for

summer season.

Green manure pH EC oM NO; P,Os Ex. Cation (cnol"/kg)
crop (1:5) (dS/m) (g/kg) (mg/kg) (mg/kg) K Ca Mg Na
Maize + C" 6.94° 0.17° 16.30° 1.57° 152.40° 0.32° 4,55 0.97° 0.06
Maize + S? 6.90° 0.18" 14.00° 7.08° 135.10° 0.27° 3.80° 0.70¢ 0.05°
Sunflower + S? 6.76° 0.22° 14.90° 9.85° 150.70° 0.28° 4.16° 0.83° 0.05

Date of investigation; October 20, 2016. "Mean with same letters are not significantly different in Duncan’s Multiple Range Test (DMRT, p <

0.05). C; no solarization,

287

7s; solarization by PE film mulching after soil incorporation of green manure.
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Table 4. Soil chemical properties of two years later after soil incorporation of green manure and solarization using vinyl mulching for

summer season.

Ex. Cation (cmol*/kg)

Green manure pH EC OM NO; P,Os
crop (1:5) (dS/m) (g/kg) (mg/kg) (mg/kg) K Ca Mg Na
Maize + C" 6.43" 0.82° 11.40° 65.20°  212.70° 0.39° 3.94° 0.97 0.112
Maize + S? 6.55° 0.46" 8.10° 38.60° 172.00° 0.20° 2.96" 0.65" 0.10°
Sunflower + S? 6.51° 0.70° 11.08° 61.90°  239.10° 0.32° 3.60° 0.86° 0.10°

Date of investigation; October 20, 2018 in 3-years-old ginseng field. "Mean with same letters are not significantly different in Duncan’s Multiple
Range Test (DMRT, p < 0.05). "'C; no solarization, ?'S; solarization by PE film mulching after soil incorporation of green manure.
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Table 5. Change of spore number of Cylindrocarpon destructans
in two months old field after soil incorporation of green
manure and solarization.

Green manure crop C. destructans (spore/soil g)

Maize + C" 1,062+422
Maize + §? 816=21P
Sunflower + §? 635+17¢

Duration of solarization; July 22 - August 30, 2016. "Mean with same
letters are not significantly different in Duncan’s Multiple Range Test
(DMRT, p < 0.05). "'C; no solarization, #'S; solarization by PE film
mulching after soil incorporation of green manure.
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3}= real-time PCRS ©|-8-3ld #493l
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W22 ANAM  Fusarium oxysporiume 25 4 5 APHEE
Sclerotium rolfsit= 20 4 F APEE A=Y, 44.0C F2x
oMM F oxysporiume 8 A 733 - AFREIIL S rolfsiie
5Y 73 5 APEEo] WA Hdd APES g2z
Hoh o @l Agke] Hasitar st M dxe] wet

e thrdt Ao
g

T 1,062 7 I

=

o R

H dkdlgo] gEixEE oto 2 B ono] WAL fuls)
£ HAUESFS Asle] Bedsndy dxe) vy e
o] IAE Y Fav) U



EfRtdA-=01 ofet QI EF Hall A

5. H{UH A=of ofsh oliko] XA MREM = *":‘ﬂ]zw S §239 2ol= fUSith
Table 6914} o] Z=H|ZHE ESY + BUYd A= FFESH AT HYE AS5HPE Flo] /= UE
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£

Ac)

of me 3dA °W°l A S5 o 2ok 23, o, oﬂﬂ}ﬁ}ﬂ A Eo S5 A7 o S ou £
A%, 9, 9F T AT ASE HYEE A5HEER 5| 2l i}OlL AN HFE A5HYR T ALFol
F7HE e, EHHPEM A7t &7 xﬁﬂi\:} Y & UM FEH 9L dFEE At e dd Uyt
EO]’M»Q—L} ‘I'l"]xqo] X]‘O]L. w\/v\q /‘grr (5 ‘é)g} /\giﬁ‘ £ HHT’U:—E Eo] ] %E ‘%‘7]‘—‘ :L{’] ‘j]__l'i%l— ‘%‘7]'
71 (71 ¥)2 A AEEL HYEAS %iali Filo] & = Al ge 7 OE o] B49S 2 (Yu
7 = .o, sﬁu}a}ﬂ A7t &5 A e 7 o 4D et al, 2018), WEHTHLFS] D=7t oA 7P 0%&
Ao folFQl Aol gl 9191 HrEjdo] WA getrjo] oRE S5t SAIE7] Wi
Hd AEAalel osf XA Aol E7hE 991 Bk 2 HQITh (Uhm ef al., 2001; Rahman and Punja, 2005).
g AEAIE XN FHAF] WETt 7Hhste] B o] 3 WA Qlpke] BN dAFES WS HYd
Ao R A7) wWEoRE Bl NS AdS A =GR F5lo] 7HAaHdE, dHFEe FAY 25.6%
A *WL; oFgh F9jol HA T3] Aol °ﬂ H]oﬂ ST+ HYYE 253 16.5%, svker] + B
G Rt FrE0] oA AP Aso] EdaiA HH 25T 5.0%= sivtetr] AelgrE Reae wd o

(Uhm et al, 2001; Rahman and Punja, 2005), ¥2]2-SH xﬂ<>ﬂ t @340] k. Nam 5 (2011), Tamietti®} Valentino
o EY HrAEE s ARFES Wt BETF Yol (2006 HYYE A5 EE Fusarlum"ﬂ o3 @] 59 He
A R1AFe] A Aol HXEATE (Lee ef al., 2018b). = Ao WAle] a3t e Bk

H12He B4R Al dinll] A7t S Aglig o gukr oz Mylo] HHE Bk n&Hfr|E AL, UFE
Ago] P Yde Ny Wgo] ¢ ¥ B & V) EYFE A 5 EYEAo] EHE u Fo] i)
71 ol o B9l wlieg Rtk s, 2o BEdmAE Q] A zkge o3 yeRd
t} (Choi er al., 2005). Bale] Wsh= AWML FA|H

6. QU S0 o5 Qled RIS MG} o HYgd aEAR Zﬂzﬂ%al, S+ B A5A
Table 7914 ¢} 7ro] EHH|AHE Bk + BlUd A% R} vl + BdE A5 Fd el o Bol
of w2 3dA) Qlitel AFHE A 9 ElNSy AR EE IR Wlo] Zrked MB_ e ZrEeE EXS B
thea} 7} B A=A R A EE AL ZlEe At Farh 5 (2018)] <JsPd 14k ¥re)d-S g dae] HYA

Table 6. Effect of soil incorporation of green manure and solarization on aerial growth characteristics of 3-years-old ginseng.

Green manure Plant height ~ Stem length Leaf length Leaf width Survival rate” (%)
crop (cm) (cm) (cm) (cm) Early May Late July
Maize + C" 44.27° 23.84 12.08" 4.97° 79.10° 39.10
Maize + S 50.10° 25.90° 13.93* 5.68° 87.30° 47.90%
Sunflower + S? 51.03% 27.15% 14172 5.86° 88.80" 48.40°

"Mean with same letters are not significantly different in Duncan’s Multiple Range Test (DMRT, p < 0.05). "'C; no solarization, S; solarization by
PE film mulching after soil incorporation of green manure, Survival rate of aerial part of ginseng.

Table 7. Effect of soil incorporation of green manure and solarization on root growth and root rot disease of 3-years-old ginseng.

Green manure Ratio of Survived Root weight Root yield Root rotrate  Root rotindex’  Rusty root rate
crop root (%) (g/plant) (g/3.3 ) (%) 0-4 (%)
Maize + C" 70.60° 11.74° 508.20° 25.60° 2.22° 20.00°
Maize + S? 85.70° 15.67° 845.80° 16.50° 1.56° 40.40°
Sunflower + % 87.80° 14.42° 813.20° 5.00° 1.04¢ 57.90°

"Mean with same letters are not significantly different in Duncan’s Multiple Range Test (DMRT, p < 0.05). "'C; no solarization, ?S; solarization by
PE film mulching after soil incorporation of green manure, Root rot index; (X0 X 0) + (X1 X 1) + (X2 X 2) 4+ (X3 X 3) + (X4 x 4) / (X0 + X1
+ X2 4+ X3 + X4), XO; on lesion, X1; rotted-area below 10%, X2; rotted-area below 50%, X3; rotted-area below 70%, X4: completely rotted
root.
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